Objective: Although severe hypoglycaemia (SH) can lead to adverse health outcomes, little is known about its occurrence and re-occurrence among youth with type 1 or type 2 diabetes.
| INTRODUC TI ON
Severe hypoglycaemia (SH) is an acute complication of diabetes that can lead to adverse consequences among children including seizures, hospitalizations, potential structural changes in the brain and death. 1 In spite of advances in pharmacotherapy (including insulin analogues) and technologies (such as continuous glucose monitoring devices), hypoglycaemia remains common among children with diabetes. Compared to adults, children and adolescents with diabetes are at increased risk of hypoglycaemia events, at least in part due to variable eating patterns, inaccurate insulin dosing, erratic physical activity and difficulty recognizing symptoms of hypoglycaemia.
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Young adults in their early 20s may also be at an increased risk for hypoglycaemia events for similar reasons as children and adolescents.
There is a wide range in reported frequency of hypoglycaemia events. SH is defined by the American Diabetes Association and
The Endocrine Society as "an event requiring assistance of another person to actively administer carbohydrates, glucagon, or take other corrective actions". 1 However, this definition is somewhat subjective, particularly when discussing care of young children. In recent years, there has been a wide range in reporting SH events among children and adolescents with type 1 diabetes, from 15 SH events per 100 patient-years 2 to 3.6 per 100 patient-years. 3 In a small study of 74 youth with type 1 diabetes, 44% reported at least one SH event in the past year. 4 Increased risk of SH among youth with type 1 diabetes has been associated with lower HbA1c, younger age, higher insulin dose, male sex and lower parental socio-economic status.
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However, there are few studies that have focused on adolescents or young adults.
There is mixed evidence on whether the incidence of hypoglycaemia is decreasing. A recent study in Germany and Austria among youth (<20 years) with type 1 diabetes found a decrease in hypoglycaemia events from 20.1 per 100 patient-years in 1995 to 3.6 per 100 patient-years in 2012. 4 In contrast, the Danish Registry of Childhood and Adolescent Diabetes (DanDiabKid) Study found no significant change in hypoglycaemia events in those with type 1 diabetes from 1998 to 2009. 2 There are no studies reporting the frequency of SH events among youth with type 2 diabetes.
The SEARCH for Diabetes in Youth Cohort Study is one of the few studies of youth-onset diabetes that includes both type 1 diabetes and type 2 diabetes and collects data on SH events. This presents a unique opportunity to examine and compare the occurrence of SH events in youth with type 1 diabetes and those with type 2 diabetes. We report on the prevalence of SH events in a 6-month period among youth with either type 1 diabetes or type 2 diabetes and the characteristics of participants who experienced events compared to those who did not.
| ME THODS

| Study population
Participants include children and adolescents (<20 years of age at diabetes diagnosis) identified from a population-based SEARCH for 
| Outcomes
Our primary outcomes, SH occurrence and frequency, were determined by self-report. Participants were asked, "In the past 6 months, have/has (you or your child) had any severe hypoglycaemia, that is, very low blood sugar that required him/her to get help?" Participants who answered "yes" were then asked how many times severe hypoglycaemia occurred, whether they received a glucagon injection, called 911, went to the emergency room or had to stay in the hospital overnight. SH was categorized as zero events vs one or more events in the past 6 months.
| Covariates
Socio-demographic characteristics included participant's age at the time of the follow-up study visit, sex, self-reported race/ethnicity, highest level of parental education, household income and health insurance status. Self-reported race/ethnicity was grouped as Hispanic (regardless of race), non-Hispanic White, non-Hispanic
Black and non-Hispanic other. Highest level of education by any parent or guardian was categorized as less than high school, high school graduate, some college and college degree or higher. Household of the cooperative funding agreement. She was involved in the design of the study but not the conduct of the study; she was not involved in the collection, management and analysis of the data, but was involved in interpretation of the data; she was involved in the preparation, review and approval of the manuscript and the decision to submit the manuscript for publication.
Conclusions:
In youth with diabetes, SH was common even within a short 6-month Current diabetes treatment was based on self-report at the cohort visit. Current insulin regimens were categorized as insulin pump, basal insulin (glargine, detemir or degludec) and rapid-acting insulin, basal insulin and any other combination (at least one other insulin aside from rapid-acting insulin), and any insulin ≤2 times a day.
Participants were also asked about the use of continuous glucose monitoring (yes or no).
Smoking status was categorized as never, former or current smoker based on self-report. Being physically active was defined as self-report of vigorous physical activity (sweating or breathing hard)
for at least 20 minutes for at least three out of the past 7 days, dichotomized as yes or no. HbA1c and insulin regimen, with SH were tested using logistic regressions, adjusted for age at the follow-up visit, race/ethnicity and sex.
| Statistical analysis
Results of participants' characteristics by report of SH events are only presented for type 1 diabetes due to small number of youth and young adults with type 2 diabetes who reported any SH events (n = 9).
| RE SULTS
The prevalence of the occurrence of one or more SH events was higher among youth and young adults with type 1 diabetes (7.0%, 95% CI 6.8%-8.1%) compared to those with type 2 diabetes (2.6%, 95% CI 1.4%-4.9%; 
| D ISCUSS I ON
Our findings showed that 7 out of 100 youth with type 1 diabetes reported at least one episode of SH event that required assistance in the past 6 months. While SH events were more common among youth with type 1 diabetes compared to those with type 2 diabetes, almost three out of 100 youth with type 2 diabetes also reported SH events over a 6-month timeframe. Recurrent SH events among youth who reported at least one SH event were common, with an average of four events in 6 months for both groups. Direct comparisons of these results to those from previous studies are not straightforward. In this study, we present prevalence of occurrence of any SH in the past 6 months prior to the follow-up visit as opposed to calculating number of events per patient year. Given this caveat, it is difficult to know whether our results are in line with recent reports which range from 3.6 to 15 events per 100 patient-years.
2,3
However, our results are lower than reports from the early 1990s of 44% reporting events in the past year.
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Studies of hypoglycaemia events among adults report rates of occurrence (per population or patient-years) or report events based on administrative data from emergency departments or hospitals 11, 12 and a few include self-reports of events. TA B L E 1 (Continued) education. We also found that participants who reported SH tended to be young adults as opposed to those who did not report SH.
We found a significant association between physical activity and SH. Youth and young adults with type 1 diabetes who reported being physical active were more likely to report occurrence of SH events in the past 6 months. In this study, we do not have any information on the temporal association between specific SH events and physical activity. For example, we do not know whether the SH event occurred due to vigorous physical activity, particularly since the report of physical activity was for the past week. Therefore, we cannot conclude that physical activity led to the SH event. There are many benefits of regular physical activity including lowering HbA1c levels and maintaining a healthy body weight among individuals with diabetes. 15 20 The ACCORD trial of individuals with type 2 diabetes and over 40 years of age also reported a positive association between BMI and risk of SH events.
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We did not observe any significant association of occurrence of SH events by use of CGM or by insulin regimen. However, this could be due to the small sample size in the group reporting SH events.
A recent study among children with type 1 diabetes in Denmark, Iceland, Sweden and Norway found that individuals who reported using insulin pumps experienced lower incidence of SH. 22 As new technologies, such as the hybrid closed-loop 23 and CGM become more widely available, we expect that the prevalence of SH will decrease. It will be important to monitor trends in SH by sociodemographic variables including health insurance, as the uptake of new technologies tends to be faster in individuals with private health insurance. This could result in greater disparities in care and outcomes, including frequency of SH.
We also found no significant association between SH and parental education or health insurance, both markers of socio-economic status. This is consistent with the findings of a recent systematic review which found that neither health insurance nor education was consistently associated with either an increase or decrease in risk of hypoglycaemia among both children and adults with type 1 diabetes. 24 At the national level, there is increased interest in understanding and preventing hypoglycaemic events among persons with diabetes.
The release of the National Action Plan to Prevent Adverse Drug highlighted hypoglycaemic agents as one of its three initial target areas. The primary adverse event of interest with these agents is hypoglycaemia. 25 While the action plan focuses on the risk of hypoglycaemia events and prevention strategies among the older diabetes population, youth with diabetes are also at risk. Furthermore, the prevalence and risk factors associated with hypoglycaemia events is likely to differ by age group.
Few studies have looked at risk factors associated with SH among youth or young adults. Among adults with type 2 diabetes, lower health literacy was associated with self-report of hypoglycaemia events. 26 We do not have a measure of health literacy in SEARCH, and this may be an area for further research. However, we did not observe an association of SH events with parental education. In a study of adults with type 1 or type 2 diabetes in a managed care network, hypoglycaemia events based on emergency department or inpatient diagnoses differed by race/ethnicity with African Americans having higher rates compared to individuals from other racial/ethnic groups. 27 We did not observe significant differences by race/ethnicity among individuals with porting method, a shorter look-back window or medical records to validate the reports of SH. Another limitation of this study is the fact that the cohort was not designed specifically to examine the occurrence of SH events. Therefore, it is possible that the study is underpowered for assessing some specific factors related to SH events. However, we did observe a significant association between HbA1c and severe hypoglycaemia. Further, while this cohort was not designed to be nationally representative, the study participants were derived from a population of youth and adolescents that is similar to the youth population of the United States in terms of age, sex, race/ethnicity, household income and parental education.
7,30
Severe hypoglycaemia events occur in youth and young adults with both type 1 and type 2 diabetes. This is the first study that we are aware of that includes reports of the occurrence of SH events among adolescents with type 2 diabetes. This study provides some insight into possible associated clinical characteristics, such as lower HbA1c levels and being physically active. Our findings offer insight into the complexity of balancing glucose control and avoidance of SH. Prevention efforts may include increased education/awareness of patients and their caregivers to prevent the occurrence and re-occurrence of SH.
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Local institutional review board approval was obtained for each centre. Written informed consent was obtained from participants age 18 and older, while assent with parental written informed consent was obtained for participants younger than 18 years.
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